Abstract: A regimen with varied side effects and compliance is of paramount importance to prevent viral drug resistance. Most of the drug-resistance studies, as well as interpretation algorithms, are based on sequence data from HIV-1 subtype B viruses. Increased resistance to antiretroviral drugs leads to poor prognosis by restricting treatment options. Due to suboptimal adherence to antiretroviral therapy there is an emergence of drug-resistant HIV-1 strains. The other factors responsible for this viral evolution are antiretroviral drug types and host genetics, especially major histocompatibility complex (MHC). Both primary and secondary drug resistances occur due to mutations in specifi c epitopes of viral protein regions which may infl uence the T cell recognition by immune system through MHC Class I and class II alleles. Mutations in viral epitopes enable the virus to escape the immune system. New drugs under clinical trials are being added but their exorbitant costs limit their access in developing countries. Thus the environmental consequences and, the impact of both viral and host genetic variations on the therapy in persons infected with HIV-1 clade C from India need to be determined.
Introduction
India had an estimated 2.4 million HIV-infected individuals at the end of 2008. 1 The introduction of cost-effective generic antiretrovirals (ARVs) since 2000 has shown ARVs to be a safe, tolerable, effi cacious, and effective treatment modality, 2 thereby decreasing the morbidity and mortality due to HIV/AIDS. 3 ARV drug classes include entry and fusion inhibitors, nucleoside reverse transcriptase inhibitors, nonnucleoside reverse transcriptase inhibitors, integrase inhibitors, and protease inhibitors. At present, 30 drugs are available for three different combination regimens. The approach is known as highly active antiretroviral therapy (HAART). In India, the National AIDS Control Organization (NACO) recommends HAART to all AIDS patients. However, these benefi ts are overshadowed to a greater extent by the drug-resistant forms of the virus. Most of the drug resistance studies, as well as interpretation algorithms, are based on sequence data of HIV-1 subtype B viruses. Non-B subtypes are predominant in the developing countries like India and extensive studies of resistance mutations in treated and untreated patients may help in updating the existing algorithms.
Recent studies indicate subtype C is responsible for majority of the infections worldwide (Ͼ56%) and Ͼ98% of the infections in the Indian subcontinent. 4 In addition, recombinants A/C and B/C have also been reported. 5, 6 A number of in vitro and in vivo observational studies suggest that the currently available protease and reverse transcriptase (RT) inhibitors are as active against non-B viruses as against subtype B viruses. 7 However, a few studies also suggest that various subtypes may respond differently to some antiretroviral drugs. 8, 9 The frequency of one or more major resistance mutations in recently infected individuals increased from 3.8% to 10.2% under treatment in a fi ve-year period as reported by the West. 10 Despite widespread use of ARV agents and increasing incidence of drug-resistant forms of HIV among both untreated (primary resistant) and treated (secondary resistant) individuals worldwide, only sparse information is available on the prevalence of HIV-1 drug resistance from India. 11 In recent years, antiretroviral treatment in India has been expanded, however studies on drug resistance are quite rare. Few earlier studies on drug resistance in antiretroviral therapy (ART)-naïve Indian patients carried out in southern part and south western part of India revealed no primary NRTI and NNRTI drug resistance mutations.
Primary drug resistance
12,13 However 1.7% prevalence of primary drug resistance was reported from Mumbai. 14, 15 A similar study from Chandigarh, in the northern part of India, reported a high prevalence of M184 V/I (32%) and K70R (78.3%) and a low prevalence of T215 Y/F (1.67%) among ART-naïve patients. 16 Apart from host genetic changes, extensive viral genetic variations (minor mutations) in pol gene were seen in Indian HIV strains; most of them being polymorphic specifi c to subtype C. In the NRTI region the amino acid substitutions at positions 13, 20, 22, 35, 39, 48, 60, 67, 118, 177, 200, 207, 214, 245 , and 210 may be associated with drug resistance whereas, in the NNRTI viral region substitutions are at positions 103, 230, and 238. 11 An exceptional study to determine the prevalence of primary resistance in 460 viral isolates of 74 individuals from Mumbai revealed overall resistance against RT inhibitors as 33.7% while among protease inhibitors including saquinavir as 21.5%. 15 Polymorphisms at M36, L63, and I93 were observed in more than 90% of the sequences when compared to earlier studies. [11] [12] [13] [14] [15] [16] Recently 10% of primary resistance mutation V82A in protease gene and; M41L, D67N, M184V, and A98G in RT gene were observed in HIV-1-infected ART-naïve patients from western India. 17 From north India M46I was identifi ed in protease region of the pol gene and G190V of RT gene. 18 However, no resistance mutation was identifi ed in protease gene of nine patients studied from south India.
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Secondary drug resistance
Earlier studies on HIV-1 clade C have shown that a V106M mutation confers cross-resistance to NNRT inhibitor 20 and further they develop K65R resistance to tenofovir in cell culture. 21 A recent study from Chennai as the most common among NRTI mutations, followed by mutations at codons 44 (15.6%), 69 (13.7%) and 74 (6.4%) whereas K65R and Q151M were observed in only Ͻ2%. Among the NNRTI mutations K103N, G190A, and Y181C were predominant (26%-28%). 22 In a study from Pune, at least one HIV drug-resistant mutation in RT was observed in 80.55% of ARV-experienced patients and additionally, M184V was the major mutation (69.7%) seen in the study participants culminating in treatment failure, but K65R mutation was observed. 23 Others reported NNRTI drug-resistant mutations among those who received single dose nevirapine (SD-NVP) at 48 h (10.5%) and at two months post-partum (46.2%), but left the commonest K103N mutation unseen. 24 In addition, a very high prevalence of drug resistance to NRTI and NNRTI (Ͼ90%) has been recently observed in Chennai. 19 The fi rst report on proteinase (PR) resistance among treatment-failing patients in India has been reported, where no primary PR drug resistance mutations were detected. [22] [23] [24] [25] Compared to the number of persons living with HIV in India, a very small number of them have been assessed and reported with variables of interest. Therefore more research on ARV resistance from India is warranted. In summary, transmission of resistance has been reported in all parts of the world. The size of the problem varies between 0% and 25% and seems to be the highest in areas where ARVs have been available for a long period of time. ARVs have shown to dramatically decrease morbidity and mortality among people living with HIV and are therefore increasingly provided in many parts of world. Monitoring of transmitted resistance continues to be needed to allow a timely modifi cation of ART guidelines.
HLA-associated mutations
The antigen presentation, T cell activation and T cell receptor binding are complex processes. Antiviral cytotoxic T lymphocytes (CTLs) kill HIV-infected cell upon by recognition through specific viral epitopes "Hot spot" wherein epitopes cluster in immunodomimant regions of HIV protein. 26 The viral escape mutations at critical binding sites interfere with proteosomal antigen processing of viral antigens by proteasome human leukocyte antigen (HLA)-restricted killing. [26] [27] [28] Thus HIV escapes antiviral immune responses and clearance by the host immune system. Such selection pressure as well viral adaptation to antiretroviral drugs may lead to viral quasispecies with different amino acid sequences. Though HLA A and B present viral epitopes to HIV-1 evolution, drug resistance, and host genetics CD8 T cells causing cell destruction, HIV-1 accessory protein Nef downregulates their expression on the surface of infected cells. A number of associations of major histocompatibility complex (MHC) class I-dependant CTL responses shape the viral sequence by directly killing infected cells that present the right epitope in their HLA molecule are targeted by CTLs and continuous pressure by CTL responses leads to the selection of survival dominant HIV-1 strains that have mutations in these regions. The continuing selection pressure by T cell recognition prevents the virus from reverting back despite changes in the antiviral drug regimen. In Western Australia, MHC class I alleles have been shown to render the virus to evolve at population level. [27] [28] [29] [30] [31] [32] [33] [34] Moore and colleagues 34 have shown 64 positive and 17 negative associations of HLA A or HLA B with viral mutations mainly located in known CTL epitopes. Certain regions in RT and protease are targeted by a greater number of epitopes and therefore CTLs, thus driving viral evolution in this region. The HLA-driven evolution of a fragment of the RT as well as protease of the HIV-1 virus has been previously reported. Further interactions of antiretroviral drugs and HLA alleles with diverse viral RT and protease viral sequences led to have differential frequencies of HLA alleles. 29 Ahlenstiel and colleagues 35 have identifi ed 12 signifi cant HLA associated mutations in RT, four lying outside the RT region: HLAB * 51 at amino acid position 135, B * 07 at position 162, A * 11 at position 166, and B * 35 at position 177. Also, out of 11 new associations, six mutations in the RT sequence are located in known epitope anchor positions. 35 Unlike expression of HLA-A and B, HLA C expression is unaffected so as to restrict HIV-1 specifi c genetic associations. So far, the impact of MHC class II alleles on viral evolution has been studied only for a small patient group. Harcourt and colleagues 36 described HIV sequence variation in the p24 Gag epitope of HLA-DR1. A role of MHC Class II alleles and CD4 T cell responses in the evolution of the HIV-1 sequence is obvious by two associations in the RT region. Interestingly, six of the identifi ed associations were negative associations, indicating that mutations in the RT were less likely if the patient carried that particular allele: amino acid position 177 was negatively associated with HLA-B * 35, position 178 with HLA-B * 35, position 188 with HLA-DRB1 * 12, position 207 with B * 15, position 277 with HLA-A * 03, and position 291 with HLA-B * 27, HLA-DRB1-associated mutations in the RT (position 67 for HLA-DRB1 * 08 and position 188 for HLA-DRB1 * 12). 35 Studies have reported that the relative contribution of HLA-B alleles outweighs the contribution of HLA-A alleles and DRB1 alleles with HLA-B alleles (68%) than with HLA-A alleles (23%) or HLA-DRB1 alleles (9%). 37 This indicates that HLA-dependent specifi c immune responses can support but also prevent the evolution of drug resistance.
Future perspectives
When compared to the alert cutoff (5%), the prevalence of known drug-resistance in treatment naive HIV-1 patients is very low. In depth studies on the environmental consequences and, the impact of both viral and host genetic variations are necessary on the HIV-1 clade C-infected persons. Availability of affordable plasma viral load testing for drug monitoring and viral and host genotyping would help in HAART effi cacy for better clinical management of the disease.
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